The P300 Event Related Potential (ERP): A review by Pitman, Randall & Herzog, David
Pacific University 
CommonKnowledge 
College of Optometry Theses, Dissertations and Capstone Projects 
4-29-1983 
The P300 Event Related Potential (ERP): A review 
Randall Pitman 
Pacific University 
David Herzog 
Pacific University 
Recommended Citation 
Pitman, Randall and Herzog, David, "The P300 Event Related Potential (ERP): A review" (1983). College of 
Optometry. 675. 
https://commons.pacificu.edu/opt/675 
This Thesis is brought to you for free and open access by the Theses, Dissertations and Capstone Projects at 
CommonKnowledge. It has been accepted for inclusion in College of Optometry by an authorized administrator of 
CommonKnowledge. For more information, please contact CommonKnowledge@pacificu.edu. 
The P300 Event Related Potential (ERP): A review 
Abstract 
The P300 Event Related Potential (ERP): A review 
Degree Type 
Thesis 
Degree Name 
Master of Science in Vision Science 
Committee Chair 
Robert Yolton 
Subject Categories 
Optometry 
This thesis is available at CommonKnowledge: https://commons.pacificu.edu/opt/675 
Copyright and terms of use 
If you have downloaded this document directly from the web or from CommonKnowledge, see 
the “Rights” section on the previous page for the terms of use. 
If you have received this document through an interlibrary loan/document delivery service, the 
following terms of use apply: 
Copyright in this work is held by the author(s). You may download or print any portion of this 
document for personal use only, or for any use that is allowed by fair use (Title 17, §107 U.S.C.). 
Except for personal or fair use, you or your borrowing library may not reproduce, remix, 
republish, post, transmit, or distribute this document, or any portion thereof, without the 
permission of the copyright owner. [Note: If this document is licensed under a Creative 
Commons license (see “Rights” on the previous page) which allows broader usage rights, your 
use is governed by the terms of that license.] 
Inquiries regarding further use of these materials should be addressed to: CommonKnowledge 
Rights, Pacific University Library, 2043 College Way, Forest Grove, OR 97116, (503) 352-7209. 
Email inquiries may be directed to:.copyright@pacificu.edu 
The P300 Event Related 
Potential (ERP): A Review 
Student Thesis 
Randall W tman 
David Herzog 
Dr . Robert Yo lton, Advi sor 
April 29, 1983 
The PJOO Event Related Potential (ERP): A Review 
Electrodiagnostic techniques have, in recent 
years, greatly expanded the vision care specialists 
understanding of the visual system and provided 
sophisticated ways to evaluate visual integrity 
and performance. Visual evoked. potential ( VEP) 
recording, for example, has been developed as an 
objective method for determining the patency of 
the central visual pathway and . as a measure of 
refractive status. A brief summary of the 
principles involved with VEP recording will provide 
a helpful introduct:ton of ye t another cortical 
response r eferred to as the PJOO event related 
potential or l a t e positive component. 
Vi sual Evoked potentials occur in response 
to changes of brightne ss or changes of pattern. 
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Typical stimuli include alternating checkerboard 
patterns. The VEP can be rec orded from electrodes 
attached to the scalp and referenced to the earlobes. 
Because the amplitude of the VEP is very small 
compared to the normal background events which 
comprise the Electroencephalogram (EEG), a special 
computer ('ensemble) averaging technique is used 
to increase the VEP "signal" amplitude while 
diminishing the EEG "noise". This ensemble averaging 
technique has been successfully used to reveal several 
other event related potential (ERP) components in 
addition to the VEP. One such component is the PJOO 
which , a s the name suggest s , is a positive going 
defle c t i on occur r ing about 300 msec after t he st i mulus. 
Although the preci s e or igin of t he PJO O i s unknow·n , 
the evidence suggests that bila teral sources exist in 
or nea r the centro-parietal reg ion, Psychological 
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evidence suggests that PJOO is cortical in nature, 
yet PJOO-like activity has been recorded from 
subcortical regions, suggesting that both cortical 
and subcortical generators may be involved (Wood 
et al. , 1980). 
In order to give the reader a tangible under-
standing of the PJOO the following sections describe 
experiments which illustrate its fundamental nature. 
First consider a typical experiment which demonstrates 
how a PJOO might be recorded, as well as some of its 
basic characteristics. 
P300 as an Index of Stimulus Probability and Task Relevance 
In what has become known as the "oddballu 
paradigm Duncan-Johnson and Donchin ( 1977) demon-
strated that the amplitude of the PJOO component 
is inversely related to the probability of the 
stimulus. Subjects were presented with a Bernoulli 
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series of high and low tones and were instructed 
to count one of the tones, usually the high one. 
ERP samples were recorded in response to each tone, 
(whether counted or not). The probability of 
occurrence of the two tones was different for each 
series. As the probability for a particular tone 
increased, the ensemble averaged PJOO component 
in response to that tone decreased. Regardless of 
which tone the subject counted, the more rare or 
surprising stimulus produced the larger PJOO. When 
subjects were g iven another task such as reading 
and were not instructed to count e i the r tone, no 
PJOO was elic ited . 
This experiment demonstrates some basic 
characteristics of the PJOO c omponent. The PJOO 
i s be st elicited by rare events and these events 
must be at t ended to& or in other ;;v-ords, they must 
be task r elevant. 
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The Endogenous Nature of P300 
The results of the exoeriment described above 
suggest that P300 is elicited in response to some 
internal (endogenous) event that rloes not occur when 
the subject is distracted and not attending to the 
stimulus. Another variation of the "oddball" paradigm 
has been used to present further evidence that P300 
indeed is endogenous in nature. In this experiment 
(Johnson and Donchin,l980) subjects were instructed 
to count one of three, equally probable (p=.33) tones 
presented in a random sequence. P300 amolitude measure-
ments were made on ERPs recorded in response to each of 
the three tones. One of two outcomes might be predicted 
based on how the P300 is interpreted. On one hand, if 
P300 amplitude is strictly dep endent on the probability 
of the st imulus (and therefore exogenous in nature), then 
three ident i cal P300s should be produced by the three tones. 
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On the other hand, if the P300 is an endogenous 
component dependent not only on stimulus probabi..lity 
but on task relevance, one would expect the subjects 
to categorize two of the tones as irrelevant (with 
a combined probability of occurrence of .67) and 
one tone as relevant (p=.JJ); in this case the 
results would be the same as using a two tone 
oddball paradigm with stimulus probabilities of 
.67 and .33 respectively, in which the rare tone 
produces the larger PJOOo In fact, this latter 
hypothesis was fully confirmed by Johnson and Donchin 
{1980). Subjects did not produce a PJOO response 
simply on the basis of stimulus probability. Instead, 
it can be surmised that they evaluated the stimuli 
and classified them as relevant or irrelevant. As 
a result of this interr~l manipulation a subjective 
probability of occurrence of "relevant n and "irrelevant 11 
stimuli 'll'ras constructedp with the more rare, "relevant" 
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event prodU.cing larger PJOOs. 
Therefore, it can be concluded that PJOO is 
ellicited in response to an endogenous cognitive 
event and this event occurs after stimulus evaluation 
and categorization has taken place. Analysis of PJOO 
latency , (discussed later) also supports this under-
standing of the PJOO. 
Because of the endogenous ~Bture of the PJOO 
one would expect that the ell i citing stimulus 
could be presented in other than the aud i tory 
modality as lo~~ as it was task-re l evant. This 
in fact is the case ; PJOOs can be ellicit ed using 
s omatosensory , audi t ory and visual modal i ties. 
There is some evide nce tha t the ampli t ude of PJ OOs 
invoked by visual stimuli a r e l arge r t han those 
invoked by other moda l ities , perha ps reflec ting 
the dominance of the v isual system in humans (Snyder, 
Hillyard and Galamb os, 1980 ). Expe riments simi lar to 
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the oddball tone experiments just described have 
been done using visual stimuli. 'rhe same principles 
which have been discussed regarding auditory P300s 
also apply to visual PJOOs (Squires, N.K., et al., 
1977). 
P300 Amplitude as an Index of Limited Perceptual Capacity 
PJOO amplitude is affected not only by subjective 
stimulus probability but also by concurrent task 
performance. This has been demonstrated with experiments 
in which subjects were involved in a visual tracking 
task while c ounting certa i n rare tones and ignoring 
others (Isreal et al.,l979: Isr ea l e t al.,l980). The 
PJOOs el i ci t ed during t he t r a cki ng task had s i gnif i cant ly 
reduced ampl i tude s a s c ompared wi th PJOOs elicited by t he 
counting task alone. The sugge stion i s t ha t t he count ing 
task wh i ch elicit es the PJOO must use certa i n per ce pt ua l 
resource s which are als o used i n the visual trackil~ task. 
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Because this "pool of perceptual resources" is of 
limited capacity, the visual tracking task 
presumably uses some of those resources leaving 
fewer resources for the counting task and generating 
the PJOO. Other experiments have been co!"'..d.Ucted which 
indicate that PJOO amplitude can be modulated by cha~~ing 
the perceptual difficulty of the-concurrent task 
lending further support to the theory that PJOO 
amplitude can be used as an index of perceptual demand 
(Isreal et al.,l980b). 
This concept has been used to differentiate normal 
children from children diagnosed as having reading 
disabilities secondary to perceptual problems (Musso 
and Harter, 1978). Two groups of children matched for 
age (7 to 12), IQ (above 90), and sex, were compared. 
One group consisted of children classified as having 
normal reading ability. The other group was diagnosed 
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as having reading disabilities secondary to visual 
perceptual problems on the basis of the Slingerland 
Screening Test for Identifying Children with Specific 
Language Disabilities. Visual screening indicated that 
the frequency of visual anomalies did not differ between 
the groups. Event related potentials were recorded from 
the children while they performed a visual discrimination 
task. Four pairs of stimuli were presented, each 
representing a different level of complexity in terms 
of discrimination: red and green diffuse light; vertical 
and horiz ont al l i nes; t he letters b and £; and t he words 
sa w and was. As each stimulus of a pa ir was randoml y 
pre se nted sub j ects were i nstr uc ted to lift a finge r off 
a mi cros wit ch key i n r e s ponse t o one st imul us a nd ignore 
the other stimulus. The target s timuli subtended 2e5 
degrees and were presented for a duration of 40 msec, 
1100 mse c after a warning stimulus. Peak- t o- t rough 
ll 
amplitude measurements of the N200 and PJOO ERP 
waveform showed that relevant stimuli elicited 
larger PJOO amplitudes than irrelevant stimuli in 
both groups. However, the learning disability group 
showed greater relevant-irre~evant differentiation in 
PJOOs recorded from the occipital region {p .5). Since 
the children in both groups were trained to the same 
level of performance on the discrimination tasks, it 
appears that the learning disabled children compensated 
for their visual-perceptual problems by experrling more 
effort or more of t heir perceptual resources than the 
normal children did in order to attend to the visual 
discrimination tasks . 
Not only were P300 amplitude differences evident 
between the gr oups, P300 latency diffe r ences were 
also demonstrated. Learning disabled children had longer 
PJOO latencies than normal children, suggesting that 
read ing disabled children process sens ory iT1-formation at 
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a slower rate than normal children. The significance of 
P300 latency data will become more apnarent in the 
following section. 
P300 Latency as an Index of Stimulus Evaluatioh and 
Categorization 
Information processing can be broken down into 
different stages. For example, in an oddball paradigm, 
information processing can be broken down into several 
components : (1) stimulus evaluation (e.g. Is that a 
low tone or a high tone?) ( 2) stimulus categorization 
(e.g. Is the tone relevant or irre levant?) (3) response 
select ion (e . g . Does a button n~ed to be pushed? Which 
one?) (4 ) r esponse executi on (e. g . Push the l ef t button.). 
Researchers have used the latency of the P300 component 
to elucidate the sequence and interdenendence of . these 
stage s of information processing u nd e r various experimental 
cond i t i ons . 
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For example, McCarthy and Donchin (1981) have provided 
direc t evidence supporting the hypothesis that P300 
latency is a measure of stimulus evaluation and 
categorization time while being independent of re sponse 
selection and execution processes. In a choic e reaction 
time (RT ) exper iment , two variables whose effects on. RT 
were additive were chosen to be manipulated. Thus, eac h 
of the var iab les affected a d ifferent stage of processing. 
The duration of the "stimulus evaluation 11 stage was 
altered by varying the ease with which the target stimulus 
could be identified (i.e. d i scriminability was changed). 
Response s e lection was vari ed by changing the compatab ilit y 
between the target st i mulus and the responses requir ed 
of the subjects . This was accomulished by presenting 
subjects with the word RIGHT or LEFT on a video display 
terminal with instructions to either press a button 
compatib le with the target work (e. g . RIG HT indicates 
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press button under right thumb) or incompatible 
u·· 
// with the target work? (e.g. RIGHT indicates press 
button under left thumb). Discriminability of the 
1 
t target works was changed by manipulating the figure-
ground configuration of the display as shown in figure 
l Under the several conditions of the experiment, 
the target word matrices were tachistoscopically displayed; 
thus providing a rare, task relevant, visual stimulus which 
elicited a P300 response. 
insert figure l about here 
# # # # # # 
.. #RIGHT 
# # # # # # 
# # # # # # 
a 
N R I G H T 
B M J U K M 
E Q E I K M 
K E H E H G 
b 
Fig. 1. The discriminability of the tachistoscopic 
display matrices was altered by embedding the target 
words in# symbols (a) or in nnoisen letters (b). 
(from McCarthy and Douchin,l98l). 
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As discrimination of the target became more 
difficult P300 latency increased and RT increased. 
It was argued, therefore, that P300 latency is 
affected by stimulus evaluation and categorization 
difficulty. It would be expected that if P300 l atency 
were also dependent on response selection time, that 
manipulations of response compatibility would also 
affect it. However, it was demonstrated that changing 
response compatibility influenced RT but had no effect 
on P300 latency. Therefore, it was conc lud ed that P300 
latency is a direct measure o f stimulus evaluation and 
categorization time and is independent of response and 
execution times . Similar studies have provid ed 
additional support for this conclusion (Ku tas et al . 
1977; Pfefferbaum et al., 1983). 
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Summary and Conclusion 
P300 event related potentials are generated in . 
response to task-relevant, surprising events that occur 
in our environment. The endogenous nature of the ' P300 
makes it possible to elicit similar responses with 
auditory, somatosensory and visual stimuli. P300 
amplitude is dependent on the subjective probability 
assigned to the stimulus category and the perceptual 
load placed on the subject. Differentiation of normal 
and reading disabled children has been demonstrated by 
noting group differences in P300 amplitude and latency 
values. In addition, P300 latency has been used as a 
direct measure of stimulus evaluation and categorization 
time and as such has been manipulated by changing the 
discriminability of visual stimuli. 
Psychological correlateB of the P300 include 
information processing, orientation, selective attention, 
short-term memory, and decision making (Rockstroh et al., 
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1982, pp7-l0; Pritchard, 1981; Donchin,l979). Donchin 
has suggested that P300 occurs as the result of a 
contextual updating process whereby the individual 
revises his cognitive model of the environment (Donchin, 
1981). According to this view, events whic~ contain new 
information and are given attention trigger the contextual 
updating process and produce the P300. Such a process would 
be expected to occur after stimulus evaluation and categoriza-
tion has taken place, thus explaining these corre lates of 
P300 latency. Certainly this is an inter e sting hypothesis 
to keep in mind as work continues to be done to unravel 
the mysteries of the P300 event related poten~ial. 
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